This research uses a large amount of autonomic nervous system data (approximately 100,000 entries) to investigate the relationship between human autonomic nervous activity and behaviors, daily and regional changes. Data were measured via a heart rate variability analysis system that utilizes the camera of smartphones. This system was developed by the authors during previous research. The relations between autonomic nervous system and behaviors, total power and sympathetic nervous activity were found to rise after waking, while during leisure time, the total power rises and sympathetic nervous activity is inhibited. Concerning the relationship between autonomic nervous system and day of the week, it was found that total power decreases from the middle through the latter part of the week (namely, Wednesday, Thursday, and Friday), while it rises on Saturday, while the sympathetic nervous activity is suppressed on Saturday. Regarding the relationship between autonomic nervous system and region, it was found that total power is lower in the Kanto region of Japan than in others. This study also shows statistical proof (using a large amount of measurement data) to ideas held by the public for years. Thus, the data can be considered meaningful to the society, and the authors hope that it helps to improve work-life balance.
Methods
This study employed a heart rate variability analysis system utilizing the camera of smartphones [8] . In this system, the smartphone camera is placed against the tip of the finger, where it continuously acquires data on the luminance of the skin. If the finger is lifted from the camera, the system displays a warning message. A pulse wave is derived from the changes in luminance, and the peak interval (corresponds to the RR interval) is detected from that pulse waveform. Then, frequency analysis is performed on peak interval fluctuations to calculate the autonomic nervous system indicator. This system is outlined in Figure 1 . The frequency analysis conformed to the procedure described in [6] , with the low frequency component (LF) calculated as 0.04 Hz -0.15 Hz, and the high frequency component (HF) calculated as 0.15 Hz -0.4 Hz.
LF/HF values are used as indicators of sympathetic nervous activity, as well as indicators of tension, stimulation, and stress [6] .
The sum of the LF and HF values are called the total power (TP), and it serves as an indicator of the autonomic nervous activity [6] . The total power is said to be correlated with fatigue, with smaller values indicating higher levels of fatigue [14] .
This paper analyzes the autonomic nervous system data of 27,307 subjects (6394 males and 20,913 females). Measurement data was used with the consent of the subjects, in accordance with the ethics regulations of WIN Frontier Co., Ltd. The data was measured during April 2015 to September 2015.
Subject age (in tens of years) and sex are displayed in Table 1 . IBM SPSS Statics Version 22 was used for this study's statistical processing. The significance level was set to 5%.
The Relationship between Autonomic Nervous System and Activity
In this section, a relationship (under everyday circumstances) between autonomic nervous system and activity is shown. In the research conducted up to this point, there have been few reports analyzing trends (based on a large amount of data) in autonomic nervous system for different activities of everyday life.
The Relationship between Total Power and Activity
In this section, the relationship between total power and activity is investigated. Information on the measurement data used in the study's analysis is given in Table 2 . It is said that performing logarithmic transformation on total power (an indicator of autonomic nervous system) increases its normality [15] , so logarithmic transformation was performed on the total power values (LnTP) for all the measurement data. The resulting values were then divided into eight groups based on activity, and the differences between groups were investigated by performing a Games-Howell multiple comparison procedure. The results are given in Figure 2 and Table 3 . Total power was found to be significantly higher after waking and during leisure time, a trend that was also observed when analyzing data separately by sex.
It has been observed in previous research that the amount of autonomic nervous system rises before and after waking due to diurnal variation in autonomic nervous system [16] , a trend that is consistent with observations made in this study. What's more, total power was found to rise during leisure time, suggesting that leisure is ef- fective in increasing autonomic nervous system and function. Conversely, total power was found to be low during housework.
The Relationship between LF/HF and Activity
In this section, the relationship between LF/HF (an indicator of sympathetic nervous activity) and region is investigated. It is said that performing logarithmic transformation on LF/HF increases its normality [15] , so logarithmic transformation was performed on the LF/HF values (LnLF/HF) for all the measurement data. A GamesHowell multiple comparison procedure was then performed on these values, the results of which are given in Figure 3 and Table 4 . Sympathetic nervous activity was found to rise significantly after waking and during work, while during leisure time, it was found that sympathetic nervous activity is inhibited. These trends were also observed when analyzing data separately by sex. It has been observed in previous research that sympathetic nervous activity rises before and after waking [16] , a trend that is consistent with observations made in this study.
It was also observed that during leisure time, sympathetic nervous activity is inhibited and subjects are relaxed.
Summary
As part of the relationship between autonomic nervous system and activity, it was found that during leisure time, sympathetic nervous activity is inhibited, total power is high, and autonomic nervous system is good. It is said that in our lives as members of society, it is important to set aside a moderate amount of time for leisure. The current study managed to demonstrate this usefulness (using a large amount of data) statistically, a valuable contribution to society.
It was also found that during work, sympathetic nervous activity is high and subjects are in a state of tension. In addition to its other applications, this data could serve useful to companies in their promotion of healthy business activities (taking into consideration employee care, etc.).
Additionally, it was found that during housework, sympathetic function is inhibited, but total power is lower. The study results reveal statistically (using a large amount of data) that while housework is not as tense as work, it is nonetheless a physically fatiguing activity.
Thus, this data could contribute to the increased societal recognition of the difficulties of housework, and the advancement in social status of stay-at-home wives (and husbands).
The Relationship between Autonomic Nervous System and Day of the Week
In this section, a relationship (under everyday circumstances) between autonomic nervous system and activity is shown. In the research conducted up to this point, there have been few reports analyzing trends (based on a large amount of data) in autonomic nervous system (under everyday circumstances) for different days of the week.
The Relationship between Total Power and Day of the Week
In this section, the relationship between total power and day of the week is investigated. Information on the measurement data used in the study's analysis is given in Table 5 .
Data was divided into seven groups based on day of the week, and the differences between groups were analyzed by performing logarithmic transformation on the TP values (LnTP) for all the measurement data, and then performing a Games-Howell multiple comparison procedure. The results are given in Figure 4 and Table 6 . Total power was found to significantly decrease from the middle through the latter part of the week (namely, Wednesday, Thursday, and Friday), while it significantly increases on Saturday. These trends were also observed when analyzing data separately by sex.
While there is believed to be some dispersion based on region and workplace, according to information reported by the Ministry of Health, Labour, and Welfare on industrial accident occurrence by day of the week [17], accumulating fatigue, decreasing concentration, and other factors contribute to a high incidence of industrial accidents around Thursday (with the weekend approaching). In the report, the work week starts on Monday.
Most people have likely experienced increasing fatigue from the middle through the latter part of the week, a trend that is consistent with the current study's finding that total power decreases during the same period of the week.
The Relationship between LF/HF and Day of the Week
In this section, the relationship between LF/HF (an indicator of sympathetic nervous activity) and day of the week is investigated. Logarithmic transformation was performed on the LF/HF values (LnLF/HF) for all the measurement data, and then a Games-Howell multiple comparison procedure was performed. The results are given in Figure 5 and Table 7 . Sympathetic nervous activity was found to decrease significantly on Saturday, a trend that was also observed when analyzing data separately by sex. As mentioned previously, total power was found to be high on Saturday. It can be said that, compared to other days of the week, autonomic nervous system is extremely good on Saturday.
This may be influenced by the cycle of the days of the week: the sympathetic nervous activity of many people increases during weekdays as they are kept busy with work, housework, and other duties, and this increase is seen again on Sunday as peoples' tension and emotions rise in anticipation of the coming week.
Summary
As part of the relationship between autonomic nervous system and day of the week, it was found that from the latter half of the week, total power decreases and subjects fatigue slightly. This data should prove extremely beneficial to companies.
For instance, by changing "no overtime day" from Wednesday (as it is usually scheduled) to Thursday, company productivity may increase.
What's more, this study (using a large amount of data) has managed to give statistical proof to what is commonly referred to in Japan as "Sazae-san Syndrome", a phenomenon in which people become quite depressed on Sunday as they think about work or school starting up again the following day. This will likely prove very valu- able to society. By spreading awareness of such weekly cycles in autonomic nervous system, this study's data could serve useful in the adjustment of work/housework load across the week, as well as other facets of health preservation and promotion.
The Relationship between Autonomic Nervous System and Region
In this section, a relationship (under everyday circumstances) between autonomic nervous system and region is shown. In the research conducted up to this point, there have been few reports analyzing regional trends (based on a large amount of data) in autonomic nervous system under everyday circumstances.
The Relationship between Total Power and Regions
In this section, the relationship between total power and region is investigated. Information on the study subjects and the measurement data used in the study's analysis is given in Table 8 and Table 9 . Data was divided into eight groups based on prefecture, and the differences between groups were analyzed by performing logarithmic transformation on the TP values (LnTP) for all the measurement data, and then performing a Games-Howell multiple comparison procedure. The results are given in Figure 6 and Table 10 . The total power of the Kanto region was found to be significantly lower than in other regions, a trend that was also observed when analyzing data separately by sex. In general, the incidence of autonomic neuropathy is said to be higher in the capital (with its higher stress levels) than in the provinces. This may be correlated with the results of this study.
The Relationship between LF/HF and Region
In this section, the relationship between LF/HF and region is investigated. Logarithmic transformation was performed on the LF/HF values (LnLF/HF) for all the measurement data, and then a Games-Howell multiple comparison procedure was performed. The results are given in Figure 7 and Table 11 . No significant difference in LF/HF was observed between regions.
Summary
As part of the relationship between autonomic nervous system and region, it was found that the capital has a lower total power than the provinces, as well as more people who are slightly fatigued. Centralization of Japan's capital, resources, and activities in Tokyo continues to this day, but perhaps pointing out (as this study does) that people living in the provinces have high total power and energy will lead to the provinces' revitalization.
Conclusions
This study used a large amount of autonomic nervous system data (approximately 100,000 entries) to investigate the relationship between autonomic nervous system and activity, day of the week, and region. Data were meas- ured via a heart rate variability analysis system that utilizes the camera of smartphones [8] . This system was developed by the authors during previous research. As far as the relationship between autonomic nervous system and activity, total power and sympathetic nervous activity were found to rise after waking, while during leisure time, it was found that total power rises and sympathetic nervous activity is inhibited.
